










































































c. Oil pipeline pipe sections

Figure 33. Vehicular traffic, Ft. Wainwright MESL
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b. Close-up of left parallel ditch

C. Right parallel ditch

Figure 34. Snowmelt, Ft. Wainwright MESL, April 1977
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maintained a uniform moisture profile during
closed-system freezing in the MESL section at a
freezing rate estimated at approximately 1.0 in
(229 mm)/day. The percentage of moisture
saturation for the above moisture and density
conditions is about 80%, which corresponds to a
relatively low total heave (Fig. 3b).

The prefreeze and after-thaw CBR values for

the Elmendorf silty clay were essentially the
same, with an average value of 18.2%, With an
8- to 10-in (018 to 0.25-m) sand and gravel sur-
face laver, the MESL with a CBR value in the
range of 10 to 24% withstood low-density, light-
vehicular traffic and occasional heavy truck
traffic with minimal surface maintenance.
The near-vertical sides of the MESL, which are
very difficult to spray adequately with asphalt,
are a potential source of a long-term moisture in-
crease because of very small blowholes in the
6-mil polyethylene inherent in the manufactur-
ing process, A two-layer polyethylene provides
better protection against this problem.

FL. Wainwright MESL

The Fairbanks silt at an average moisture con-
tent of about 14% and an average dry density of
about 88 |Ib/ft’ (1427 kg/m') maintained a
uniform moisture profile during closed-system
freezing in the MESL section at a freezing rate of
approximately 1.5 in. (381 mm)/day. The high
freezing rate was due to the low moisture con-
tent and dry density. The percentage of moisture
saturation for the above moisture and density
condition was about 44%

Traffic use of the MESL has increased its den-
sity about 3% from an average of 87.6 to 90,2
Ib/ft’ (1403 to 1445 kg/m’). With the 8- to 10-in
(0.20- to 0.25-m) sand and gravel surface layer,
the MESL with a CBR value in the range of 7 to
10% withstood medium-density, hght-vehicular
traffic and considerable heavy truck and con-
struction equipment traffic with minimal surface
maintenance,

The two-layer polyethylene membrane is con-
sidered an improvement over the single-layer
membrane and probably is economically
justified for permanent construction.

General

The drying of fine-grained soils for use in
MESL construction can be a costly and difficult
problem in some climates. It should be remem-
bered that the lower the required density (com-
paction) the higher the moisture content can be
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and still have little moisture migration (heaving)
during freezing (Fig. 8). Too much compaction
effort, which is generally a rare occurrence,
could cause a moisture migration problem with
MESL construction and should be avoided if a
lower density and higher moisture content mate-
rial provides adequate strength (Figs. 6 and 10)
The degree of saturation, which is lower at a
given moisture content for lower densities, is the
important factor when considering moisture mi-
gration (heaving) during freezing (Fig. 9). A multi-
layered MESL with the wetter (at or slightly
above optimum moisture content] and less
dense layer as a subbase separated by a horizon-
tal cutoff membrane from a dryer, more dense
top layer could save considerably on material
drying and compaction costs.

Additional field tests with higher density soils
are needed to determine moisture content and
redistribution, heave, freezing rates and post-
thaw strength relationships and to verify lab-
oratory results.
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APPENDIX A. THE MESL CONCEPT

Fine-grained soils compacted at or slightly
below optimum moisture contents can provide
adequate bearing strengths for use as structural
layers in pavements and embankments. How-
ever, if the moisture content increases after soil
compaction there is a dramatic loss of bearing
strength. The MESL concept is a method for
maintaining the moisture content of the soil at
the desired level by encapsulating the soil in
waterproof membranes that prevent water in-
filtration.

The prepared subgrade is sprayed with an
asphalt emulsion before the bottom membrane
of polyethylene is laid This provides added
waterproofing protection in the event of mem-
brane puncture and facilitates membrane place-
ment during windy conditions. The first layer of

soil can be placed by end-dumping or by dump-
ing from the sides with front-end loaders. The
completed soil embankment is sprayed with
asphalt emulsion before placement of the top
membrane. The top membrane is also sprayed
with asphalt emulsion and covered with a thin
layer of clean sand to blot the asphalt and to
provide added protection against puncture by
the paving materials and equipment.

Since the MESL concept had not previously
been field tested in freezing and thawing condi-
tions, the potential problems of heaving and
thaw-weakening and their effects on the mem-
brane and sealed joints integrities had to be
evaluated.




APPENDIX B: CLASSIFICATION, COMPACTION, FREEZING AND
CBR TEST RESULTS FOR FAIRBANKS SILT

Table Bl. Standard compaction and CBR tests.

Water Dry Degree of
Sample Compaction content unit wt., Void  saturation
no. effort (%) (/)  ratio (%)

CE-55 5.7 102.3 0.69 229
CE-55 7.7 108,7 059  (88.2)
CE-55 8.6 1123 054 44.2
CE-55 9.2 1140 052 (92.8)
CE-55 9.2 1144 051 49.9
CE-55 10.5 1128 053 54.6
CE-S5 § 115.0 050 (=90)
CE-55 N 1153 050 63.3
CE-55 y 1138 052 65.7
CE-55 1125 054 66.6
CE-55 A 116.0  0.49 73.5
CE-55 1118 055 69.5
CE-55 X 1103 057 70.3
CE-55 5 109.1 058 74.4
CE-55 104.1 065 77.0
CE-26 103.0 0.68 28.2
CE-26 b 107.6 0.61 429
CE-26 109.4 0.58 49.2(86.4)
CE-26 109.0 56.7
CE-26 A 1105 58.9(82.0)
CE-26 109.6 63.8
CE-26 i 110.0 68.8(77.6)
CE-26 . 74.8
CE-26 i X 75.2
CE-26 i 76.0
CE-12 X 36,6
CE-12 7 45.,5(~85)
CE-12 g 49.3
CE-12 129 57.8(=85)
CE-12 14.5 60.4
CE-12 15.3 66.2(79.6)
CE-12 16.7 7.9

18 CE-12 17.5 0.65 74.8

28 CE-12 19.9 0,73 75.3

Note: Figures in parentheses are values of soaked samples.




Table BlIl. Freeze-thaw CBR tests.

Water Dry Degree of Type  Freeze Total CBR

Sample Compaction content wunit wt. Void saturation freeze thaw heave l-in.  Complete

no. effort (%) (1bjre3)  ratio %) thaw  cycles fin.) thaw thaw
FBS-1 C12 17.0 105.8 0.63 74.3 Closed 1 0.188 - 10.4
FBS-2 C-12 17.0 105.6 0.64 739 Closed 1 0,200 - -
FBS-3 C-12 14,2 104.0 0.66 594 Closed 1 0.166 - —
FBS-4 c-12 14.2 104.8 0.65 60.6 Closed 1 0.200 - 20.9
FBS-19 Cc-12 16.0 106.2 0.63 70.6 Closed 3 (0.184,0.072,0.039) - -
FBS-20 C12 16.0 105.3 0.64 69.1 Closed 3 (0.195,0.105,0.080) 134 13.6
FBS-23 c12 16.4 104.9 0.65 =95 Open 1 4.5 — -
FBS5-24 C12 16.2 106.2 0,63 =05 Open 1 4.8 — -
FBS45 c-12 9.8 1019 0.70 39.0 Closed 1 -0.004 - —
FBS-46 Cc-12 9.6 100.7 0.72 371 Closed 1 -0.004 19.9 16,3
FBS47 c-12 12.0 101.2 0.71 47.0 Closed 1 -0.003 - -
FBS48 c-12 12.1 1029 0.68 493 Closed 1 -0.005 18.1 16.2
FBS-51 C-12 126 105.2 0.64 543 Closed 1 0,006 - -
FBS-52 c-12 12.3 105.2 0.64 53.0 Closed 1 0,001 139 25.0
FB5-59 C12 17.7 106.2 0.63 781 Closed 1 0.234 - -
FBS-60 C12 17.6 106.2 0.63 177 Closed 1 0.286 34 13
FBS-S CE-26 144 108.6 0,59 67.4 Closed 1 0.255 = -
FBS-6 CE-26 14.4 109.2 0.58 68.4 Closed 1 0.264 - 23.8
FBS-7 CE-26 125 1075 0.61 57.0 Closed 1 0.079 - 253
FBS8 CE-26 131 107.0 0.62 59.0 Closed 1 0.083 - -
FBS-17 CE-26 14.6 117 055 73.9 Closed 3 (0.262,0.104,0.093) - -
FBS-18 CE-26 14.7 110.8 0.56 727 Closed 3 (0212,0.087,0.080) 275 26.8
FBS-31 CE-26 16.2 110.2 057 78.9 Closed 1 0.315 - -
FBS-32 CE-26 16.1 109.9 057 77.9 Closed 1 0.238 115 15.3
FBS-33 CE-26 171 1075 0.61 77.9 Closed 1 0.366 - -
FBS-34 CE-26 17.2 106.5 0.62 76.5 Closed 1 0.230 6.7 23
FBS-35 CE-26 18.8 103.9 0.66 78.5 Closed 1 0,282 - -
FBS-36 CE-26 18.6 103.1 0.68 76.2 Closed 1 0.317 53 21
FBS41 CE-26 102 108.9 059 48.1 Closed 1 -0.002 - =
FBS42 CE-26 10.1 109.4 058 48.2 Closed 1 0.001 393 41.7
FBS43 CE-26 10.9 107.7 0.60 49.9 Closed 1 -0.003 - -
FBS-44 CE-26 10.8 108.4 059 50.3 Closed 1 0 34.0 322
FBS49 CE-26 135 109.0 059 63.8 Closed 1 0.085 - -
FBS-50 CE-26 134 109.9 057 64.8 Closed 1 0.055 36.0 2713
FBS-55 CE-26 15.0 110.2 0.57 73.1 Closed 1 0.167 - -
FBS-56 CE-26 14.9 111 056 74.3 Closed 1 0.200 213 16.7
FBS-9 CE-55 112 1136 052 595 Closed 1 0,089 - -
FBS-10 CE-55 109 113.8 052 58.2 Closed 1 0.027 — 56.9
FBS-11 CE-55 9.2 112.0 054 46.9 Closed 1 -0,003 -
FBS-12 CE-s55 9.2 122 054 47.1 Closed 1 ~0.,00s - 533
FBS-13 CE-S5 115 1134 052 60.8 Closed 3 (0.001,-0.003,-0.005) -
FBS-14 CE-55 11.6 113.6 052 61.6 Closed 3 (0.015,-0.001,-0.004)  36.0 448
FBS-15 CE-55 9.6 1129 0.53 50.1 Closed 3 (-0.004 ,-0.007,-0,008) —
FBS-16 CE-55 9.8 1123 0.54 50.3 Closed 3 (-0.004,-0,004,-0,005) 493 51.6
FBS-21 CE-55 11.6 1111 056 =05 Open 1 5.4 -
FBS-22 CE-55 11.5 1115 0.55 =95 Open 1 5.2 -
FBS-25 CE-55 14.1 115.2 0,50 78.0 Closed 1 0,150 -
FBS-26 CE-55 14.3 113.6 0.52 75.9 Closed 1 0,166 18.0 25.0
FBS-27 CE-55 16.1 110.0 0.57 78.0 Closed 1 0.260 -
FBS-28 CE-55 16.0 108.2 0.60 742 Closed 1 0.323 6.5 5.6
FBS-29 CE-55 12.6 113.6 052 66.9 Closed 1 0.024 -
FBS-30 CE-55 12.2 113.4 0,52 64.5 Closed 1 0.037 58.0 49.0
FBS-37 CE-55 13.5 114.8 0.51 74.0 Closed 1 0.132 -
FBS-38 CE-55 129 1153 050 71.6 Closed 1 0.169 455 44.7
FBS-39 CE-58 15.2 1121 054 717 Closed 1 0.193 —-
FBS-40 CE-55 15.2 113.4 0.52 80.3 Closed 1 0.224 19.1 20,3
FBS-53 CE-55 17.2 108.0 0,60 793 Closed 1 0.348 =
FBS-54 CE-55 174 107.1 0.61 78.5 Closed 1 0.314 2.1 4.3
FBS-57 CE-55 18.6 105.3 0.64 80.1 Closed 1 0.547 -
FBS-58 CE-55 185 105.5 0.64 80.3 Closed 1 0.450 .09 3.0

Note: Figures in parentheses are for each freeze cycle.




Table BIII. Frost susceptibility test data — Fairbanks silt.

Water content Specimen ht.
Dry  Saturation Before After Before After Heave rate
Compaction unit wt,  ratio test test  test Heave Average 3-day max.

test
effort  (Ib)ft3) (%) (%) (%) (in) (in) (%) (mm/day) (mmj/day)

CE-55 111 95 662 6.0 114 90.0
CE-55 115 95 61.0 6.0 112 B86.7
CE-12 104.9 95 644 6.0 105 75.0
CE-12 106.2 95 664 60 108 80.0

16.0 245

143 21.0

Table BIV. Frost susceptibility classification.

Average rate of heave
(mm/day) Classification

0-0.5
05-1.0
1.0-2.0
2.0-4.0
4.0-8.0

>8.0






